Characteristics of motor cortical activity in reaction time task 
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1 Introduction 

The study of human brain mechanism in cognitive 
science has become active recently due to the 
advancement of non-invasive brain measurement 
methods. In some experimental studies, reaction 
time tasks like button press have been used to 
analyze cognitive performance. However, few 
studies have been done to examine the human brain 
mechanism in the reaction time task. It has been 
reported in fMRI and PET studies that there are 
some differences in the motor activity between a 
self-paced movement (SPM) and an externally 
triggered movement (ETM) [1, 2], Although there 
have been reported many MEG studies related to 
SPM [3, 4], not much is known about motor 
activity during ETM [5, 6], By the way, it was 
recently reported that the primary motor cortex 
(MI) was not only structurally [7, 8] but also 
functionally inhomogeneous [7] and was differently 
activated depending on the task. It is important, not 
only for the motion control study but for the 
cognitive science, to examine the change of activity 
pattern in MI depending on the movement 
execution. The supplementary motor area (SMA) 
and the premotor area (PMA) are difficult to be 
examined with MEG [3, 9], However, MEG 
recording has high sensitivity for the tangential 
components of neuron activities and this is a useful 
method to measure the activity in MI. We have 
already reported the motor activity synchronized 
with the external visual Go-stimulus [6], This study 
focused on the brain activity related to movement 
execution and examined the motor activity 
differences between SPM and ETM. 

2 Methods 

2.1 Subjects and tasks 

The experiments were carried out on 6 right-handed 
normal subjects (male, aged 24-34). Right and left 
finger movements were performed in the movement 
task. The movement was a brisk index finger 
abduction. Experimental conditions were as 


follows: 

1) Self-paced movement (SPM task): The subject 
starts the movement at free intervals over 5 s. 

2) Visually triggered movement with an LED 
Go-stimulus (VTM task): The subject starts at 
the lighting of the green LED Go-stimulus. The 
stimulus interval was around 6+/-1 s. 

3) Visual no-movement experiment with passive 
LED stimulus observation (VEF experiment): 
ISI = 2+/-1 s. 

Right and left finger movements were done in the 
different sessions. A hundred movements were 
carried out in each movement task. Repeatability 
was checked on different days. 

The brain magnetic fields were recorded using a 
64-channel whole-cortex MEG system (CTF 
Systems Inc., Canada). Data were acquired at a rate 
of 250 samples/s with a 40 Hz low-pass filter. EMG 
from the first dorsal interosseous muscle was also 
recorded simultaneously. 

2.2 Data analysis 

Averaging of MEG data, after elimination of 
artefact-contaminated trials, was done off-line with 
respect to the movement onset. The onset of the 
rectified EMG burst was used as a trigger to 
synchronize the movement onset averaging. In the 
VTM task, the reaction time was measured from the 
stimulus onset to the rectified EMG onset and 
classification of trials into groups with similar 
reaction times was done. All trial data in each 
recording were lined up in order of the reaction 
time and classified based on the reaction time. 
Averaging was done not only for all trial data (all 
trial averaging, ATA) but for all classified trial data 
(reaction time classified averaging, RTA). The time 
range of the reaction time for each class was not 
fixed, but the number of trials classified in each 
average was adjusted to be 30-40 to make the 
signal-to-noise ratio similar. The first 500 ms prior 
to the stimulus onset was used as a baseline for the 
averaged data. The averaged data were filtered with 
a zero phase shift, 30 Hz low-pass filter. 



All brain activities were examined with an 
equivalent current dipole (ECD) model. In order to 
calculate the time course of the activity, we 
hypothesized that the locational change of the 
activity area was small enough to allow evaluation 
of the temporal features of the activity during the 
analysis period. The ECD was assumed to be fixed 
at the most probable position during the analysis 
period. In the VTM task, dipole position was 
estimated form ATA data, and the time course was 
calculated form RTA data. 

3 Results 

In the SPM task, the readiness field (RF) started 
bilaterally 500-1000 ms prior to the movement 
onset and isocontour maps of the magnetic field 
from the start of RF to EMG onset did not change 
in pattern (5 in 6 subjects). Then, the locational 
parameters of the motor dipoles during RF were 
examined. Estimation using a 2-dipole model in the 
both hemispheres was done from -300 ms to 40 ms. 
This time window was divided into 10 


sub-windows: -300—200 ms, -200—140 ms, 
-140—100 ms and 20 ms intervals from -100 ms to 
40 ms. The locations of dipoles were estimated 
minimizing the cumulative error in each 
sub-window. The dipoles estimated with error < 
10% were analyzed. The dipoles contralateral to the 
movement side were gathered in a small cluster 
(5/6). On the other hand, the ipsilateral dipoles 
were scattered. Fig. 1 indicates the dispersion of the 
estimated dipole position and direction in five 
subjects. There was a significant difference in the 
dispersion whether they existed in the contralateral 
side or in the ipsilateral side. However, there was 
no significant difference whether they were in the 
right hemisphere or in the left hemisphere, though 
all subjects were right-handed. As for the dipoles 
estimated in the same hemisphere for the 
contralateral and ipsilateral movements, the 
position and direction shifted slightly (4/6), and in 
one subject, the dipoles were estimated in 
completely different location. 
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Figure 1: Dispersion of locational paramerters of the motor dipoles in the SPM task. Dispersion 
was defined by the standard deviation of estimated value of 10 time windows, x is a coordinate 
axes in sagital direction, y is in coronal direction, z is in axial direction and azm is an angle 
from x-axis, del is an angle from z-axis. (a) Right finger movement, (b) Left finger movement 









(a) Time courses of the motor activity 


(b) Relation between the peak (c) Relation between the peak 
amplitude and the reaction time latency and the reaction time 

Figure 2: Time courses of the motor activity and relationship between the motor activity and the reaction time. Results 
of four subjects are shown, (a) Time courses calculated from each RTA data, (b) Relationship between the peak 
amplitude and the reaction time, (c) Relationship between the peak latency and the reaction time. Each line in (a) and 
each plot in (b)&(c) correspond to the result estimated from each RTA data. 


The iso-field pattern of the VTM task was similar 
to the SPM task in the contralateral side. The 
subject who showed strong RF in the SPM task 
showed clear and similar bilateral activity in the 
VTM task. However, the estimated locations of the 
motor dipole in the SPM task and the VTM task did 
not always coincide. The dipole in the contralateral 


side was estimated in the relatively close position, 
but there was also a tendency to be localized 
slightly posterior. This might be caused by the 
influence of VEF activity. The ipsilateral activity 
was sometimes unclear, and the motor dipole could 
not be determined. 















Next, the relationship between the motor activity 
and the reaction time was examined. The time 
course of the motor activity was calculated from 
each RTA data. There was a relation between the 
contralateral motor activity and the reaction time. 
As shown in Fig.2, the faster the reaction time 
became, the stronger the activity strength was. The 
faster the reaction time became, the later the peak 
latency of the activity became. In the case of long 
reaction time, the onset of the contralateral activity 
became gentle. 

4 Discussion 

In the SPM task, although the RF is bilateral 
activity where the activities in both sides are going 
up in the same way, the side not related to 
movement execution showed low dipolarity and 
there was evident difference in localization 
accuracy. We speculated that the source area of 
ipsilateral activity was spread out, though the 
contralateral activity was more concentrated. Then, 
it was conjectured that the contralateral and 
ipsilateral activities reflected the different 
activation mechanism. 

In the SPM task, since the preparation starts 
internally, it is speculated that the synchronicity of 
the onset of preparation is bad and the activity onset 
will be gentle. On the other hand, in the VTM task, 
since the subject can’t expect the timing of stimulus, 
the motor activity rapidly starts synchronized with 
the external trigger. However, when the reaction 
was delayed and the synchronicity became worse, 
the onset of the motor activity became gentle. 
Besides, the subject who showed strong RF in the 
SPM task showed clear bilateral motor activity in 
the VTM task. For these reasons, it was conjectured 
that the motor activity observed in the VTM task 
was same as the part of RF which had higher 
synchronous and was shorten in time scale. 

In this study, significant locational changes of the 
dipoles in the SPM task and the VTM task could 
not be found. However, the different activation 
pattern of the motor activity could be estimated. 
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